Abstract. The IEEE 802.11 MAC uses DCF for media access among the participating network nodes. But DCF alone is neither capable nor suitable for fulfilling the QoS requirements of real-time applications. There are many ways in which QoS is provided by modifying DCF based MAC. This paper proposes the modified MAC protocol which is based on IEEE 802.11 and (m,k)-firm scheme tries to improve DCF functionality. The proposed scheme uses different contention window according to the number of collision in the node. The simulation result shows that the proposed scheme helps improve the throughput of the DCF.
Introduction
Although energy efficiency is usually the primary concern in Wireless sensor networks (WSNs), the requirement of low latency communication is getting more and more important is emerging applications. Hence, QoS should be provided by the underlying network and that is achieved by providing QoS at the MAC layer.
The IEEE 802.11 MAC uses DCF (Distributed Coordination Function) for media access among the network nodes. But, DCF alone is neither capable nor suitable for fulfilling the QoS requirements of real-time applications. It does not provide any priority and there is no service differentiation between different flows. There are three ways in which QoS is provided by modifying DCF based MAC.
First, Prioritization among different classes of traffic use different Inter Frame Space (IFS) or different Contention Window (CW) or both [1] . Second, Resource allocation to prioritized classes of data is achieved by some distributed variant of Weighted Fair Queuing (WFQ) [2] . Finally, QoS is provided by measurement and model based admission control [3] .
In this paper, we propose a MAC protocol based on (m,k)-firm constraint scheduling policy which is used to evaluate the QoS performance of real-time streams and to better service them according to their (m,k)-firm requirements. Our protocol uses the contention window based (m,k)-firm constraint to provide priorities to traffic flows. Basically, it specifies three different contention window ranges for three priority levels. We provide service differentiation based on contention window assigned to three priority classes. We have run simulation experiments in to compare our protocol with 802.11.
Backoff Algorithm to enhance the performance of DCF
The IEEE 802.11 MAC layer protocol provides asynchronous, time-bounded, and contention-free access control. The basic access method in the IEEE 802.11 MAC protocol is the distributed coordination function (DCF) which is a carrier sense multiple access with collision avoidance (CSMA/CA) MAC protocol [4] .
When using the DCF, before a station initiates a transmission, it senses the channel to determine whether another station is transmitting. If the medium is busy, the transmission is deferred until the end of the ongoing transmission. A backoff interval is then selected, which is used to initialize the backoff timer. The backoff timer is decreased for as long as the channel is sensed as idle, stopped when a transmission is detected on the channel. The station transmits when the backoff timer reaches zero.
In IEEE 802.11 DCF MAC protocol, when a collision occurs, the contention window range is double. This decreases the probability of further collision between the same stations. But, the more the collision occurs in a station, the more the range of the contention window can be increased.
When transmitting data from each station, we give high priority to a lot of colliding stations by applying the short backoff time rather than applying the existing backoff algorithm. To this end, we used the (m,k)-firm stream scheme to get the contention window in this paper.
The (m,k)-firm stream scheme states that m out of any k consecutive packets in the stream must meet their respective deadline [5] . A task with (m,k)-firm is in a success state if m out of its last k consecutive packets meet the deadline, otherwise it is in a failure state. In this paper, we propose the modified MAC protocol, which uses the (m,k)-firm priority scheduling, to change the size of the CW dynamically.
For each stream source, which requires an (m,k)-firm, the priority is assigned based on the number of consecutive deadline misses that leads the stream to violate its (m,k)-firm requirement. This number of deadline misses is referred to as distance to failure state from current state.
Fig. 1. Possible evolution of the k-sequence
The k-sequence is a word of k bits ordered from the most recent to the oldest job in which each bit keeps memory of whether the deadline is missed (bit = 0) or met (bit=1). Each new job causes a leftward shift of all the bits, the leftmost exists from the word and is no longer considered, while the rightmost will be a 1 if the job has met its deadline or a 0 otherwise. Figure 1 gives an example with (4,5)-firm constraint.
Let CW i denote the total contention window size in a backoff round i. When i = 0, CW i = CW 0 is the minimum total contention window size. We have taken it as 32, which is the default for IEEE 802.11 DCF.
Since we increase total contention window exponentially, CW i is given by
Note that CW i is the size of the total CW range. This is divided into individual ranges of the three priority classes.
(2)
After determining the priority, the backoff time is determined as follows. 
Evaluation
Since 802.11 does not provide any priority, our protocol will be better than 802.11. Hence, we have compared our protocol with 802.11 only. We implemented our protocol in Python 2.6 with SimPy-2.1.0. We consider the general case where a set of nodes is scattered in an area such that not all nodes are within transmission range of each other. Table 1 describes the detailed setup for our simulator. The performance of our proposed scheme is shown in Figure 2 . It is observed that if the number of nodes increases, our proposed scheme is better than existing algorithm. This is due to the fact that the contention window size is divided into individual ranges of the three priority classes.
Fig. 2. Waiting time vs. number of nodes

Conclusion
Fairness is of important concern in wireless networks in which resources are limited and channel condition highly dynamic. In wireless networks, for successful transmission through direct link, coordination of both the sender and the receiver is necessary. DCF provides a mechanism to fulfill such a requirement, but due to the characteristic of random value of contention window, it becomes inefficient. This paper proposes the modified MAC protocol which is based on IEEE 802.11 and (m,k)-firm scheme tries to improve DCF functionality. The proposed scheme uses different contention window according to the number of collision in the node. The simulation result shows that the proposed scheme helps improve the throughput of the DCF.
